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GAS ABATEMENT 

The present Invention relates ta gas abatement. The invention finds particular 
use in the abatement of gases exhaust from a process tool used fn the 
5 semiconductor manufacturing Industry. 

CF4, CaFs, CaFa, NFa and SFe are commonly used In the semiconductor 
-■■ manufaiSturing industry, for example. In dielectric film etching. Following the. 

. manufacturing process there is typically a.residual PFC content In the effluent gas 
10 pumped from the process toof. PFCs are difficult to remove from the ©ffluemt gas, 
and their release Into the environment is undesirable because they are known to 
have relatively high greenhouse activity. 

The object of abatement is to convert the PFCs Into one or mora compounds that 
15 can be more conveniently disposed of, for example, by conventional scrubbing. 

Plasma abatement has proved to be an effective method for degradation of PFCs 
to i$ss damaging species. In the plasma abatement process, an effluent gas 
containing the PFCs to be destixjyed is caused to flow into a high density plasma; 

20 Under the intensive conditions within the plasma, the PFCs ana subjected to 

impact with energetic electrons causing dissociation into reactive species. These 
species can combine with oxygen or hydrogen added to the effluent gas to 
produce relatively stable, low molecular weight by-products, for example, CO, CO2 
and HP. which can then be removed in a further treatment step utilising, for 

25 example^ a wet scrubber to take the HF into aqueous solution. 

However, known plasma abatement techniques tend to be relatively complex and 
have relatively high energy requirements. For example, in one known plasma 
abatement technique, the effluent gas stream Is conveyed Into a resonant cavity 
30 using microwave radiation to generate, from the PFCs, a microwave plasma. 
Another known technique is to convey the effluent stream into a dielectric tube, a 
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high f r€>quency surface-wave exciter being used to produce surface waves which 
generate a plasma vyithiri the tubs to dissociate the PFCe. . - 

In another PFC abatement technique, the effluent waete etream ie brought Into 
5 contact with a superheated strsam of water vapour for reacting with the PFCs 
within the waste stream. However, such a technique not only requires heating of 
the water vapour to a temperature of at least 150°C. but also requires the effluent 
~: -^gtrearn ti&'tie'SUbsequently conveyed through a heat esochangs mechanism to^c5ool.=«T iv»-- r- 

.the stream before it is conveyed to a wet scrubber, the ^clenc^ of the scrubi^Br 

10 decreasing as a function of increasing temperature. 

It is an aim of at least the preferred embodiment of the present invsntion to provide 
a relatively simple and efficient technique for treating an effluent fluid stream. 

15 In a first aspect, the present invention provides a method of treating an effluent 
fluid stream frotn a semiconductor manufacturing process tool, the method 
comprising injecting an ionised fluid stream into a reaction chamber, and 
conveying the effluent fluid stream to the chamber, wherein the ionised fluid 
stream either contains reacHve spedes for reacting with a oomponent of the - 

20 effluent fluid stream , or impinges upon a reactive fluid conveyed to the chamber to 
fomi the reactive species. 

By providing a method in which reactive species are formed from the reactive fluid 
for subsequent reaction with the component in the effluent waste stream, it has 

25 been found that the energy required to cause the dsstructicn of the component In 
the waste stream, and the efficiency of that destruction, can be radically improved. 
For example, H* and OH" ions formed from the dissociation of water are capable of 
reacting with, for example, a PFC contained In the waste stream at ambient 
temperature, and thus at a much lower temperature than would be required if the 

30 water had not been pre-ionised before being introduced into the waste stream. 
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Another advantage is provided by not bringing tlie equipment used to generate the 
ionised fluid stream into contact wflli eiJtier the effiuent waste stream or any by- „ 
products from the reaction of the reactive species with the component of the wast© 
stream. As a result, any on© of a range of equipment may be used to generate 
the ionised fluid stream, in the preferred embodiment, a plasma Is generated to 
decompose a fluid to produce the ionised fluid stream. For example, the plasma 
may be generated using a D.C souroe or radiation at a frequency of around 580 
kHz, 13.56 MHz. 27 MHz, S15 MHz or2.45 GI-te to generate from the fluid a ^ 
plasma to fonnthe Ionised fluid stream. .Alternatively, a glow dissharge may be , . . 
generated to decompose the fluid. As is well Icnown, a glow discharge is a 
luminous, thermal plasma formed by applying to a gas a voltage that is greater 
than the breakdown voltage of that gas. The ionised fluid stream may also be -n: 
generated by a discharge other than a glow discharge, for example by a corona • 
discharge or an am discharge. Such a discharge may be generated using a 
plasma gun, in which an electric arc Is created between a water cooled nozzle 
(anode) and a centrally located cathode. A stream of fluid passes through the 
electric arc and is dissociated thereby. The plasma of ionised fluid Issuing from p. 
the nozzle resembles an open oxy-acelylene flame. % 

Further advantages are that a relatively cheap and readily available fluid, such ae 
water vapour or a fuel, for example methane of an alcohol, ca^t be used to 
generate H* and/or OH" Ions, as the reactive species, and that the reaction can 
take place at any convenient pressure, for example, at or around atmospheric 
pressure. 

Two dffferent techniques may be used to form the reactive species using a plasma 
gun. In the first technique, the ionised fluid stream is formed from the reactive 
fluid. An electric arc Is established between electrodes of the gun and the 
reactive fluid is conveyed along the arc to generate a flame containing the reactive 
species. This flame is subsequently injected Into the chamber to abate the 
effluent fluid stream within. In the second technique, the Ionised fluid stream is 
formed from a source gas different from the leacfive fluid. For e^rampie, an inert 
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JonisabJe gas, such as nitrogen or argon, can b© conveyed along the arc to 
. generate the flame for injection into the effluent waste stream. Both the reactive 

fluid and the affluent waste stream are separately conveyed into the chamber. 
Th& reactive fluid Is dissocfated by the flame to foim the reactive species within j 
5 the chamber, which species subsequently react with th© component of the waste j 
stream. j 

I 

*.w«^. ... - 4n the preferred erpibodlraent a single plasma gun^is usedAoinjecrt the Jonisert fl^ 

... stream into. the effluent waste stream. However, a plurality of $ueh,auna. may be 

10 provided to Inject a plurality of ionised fluid streams either Into the same waste 
stream or into respective stf^ams. This can increase furOier the efficiency of the 
treatment of th& waste stream. These guns may be connected to a common 
power source or to respective sources. 

IS Depending oh whether the chamber Is connected to the inlet or the outlet of a 
pump for pumping the effluent stream from the process tool, and the flow rate of 
the effluent fluid stream^ the chamber may be at any pressure In the range from ! 
1 0^ mbar to 2000 mbar. 

20 Depending on the nature of the rsi^sGn occurrrng vvsthin the chamber, the 

abatement of the compound(s} within the effluent fluid stream may be promoted by 
heating the chamber, for example> to a temperature In the range from ambient to ' 
1 500*'C. For example, the abatement of hydrides and organometallio compounds 
can be promoted by heating the chamber to a temperature In the range from 

25 400"C to 1 500*0, more preferably In the range from 500^C to 1 000*='C. I 

I 
I 

The Ionised fluid stream may be injected into the effluent fluid stream over a ^ ! 

catalyst^ for example, one of tungsten, silicon and Iron. i 

30 The effluent fluid stream is preferably subsequently conveyed to a wet scrubber or 

a reactive solid media downstream from the chamber to remove one or more by- j 

j 
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producte from the reaction from the eifluent stream. The scrubber may be coupfed 
close to th© resLcrtlon chamber^, or may be more remote from the reactfon chamber. 



A& pr&viausly mentioned, the component of the effluent fluid stream may comprise 
5 a perfiuorlnated, or a hydrofluorocarbon, compound? for example, one of CF4, 
CpFe, CHFs, NF3 and SF©, 



V !n a S9corid,asp^; -the present Jriyentlon provides a method of treating ^D efjfJuerit 

-fluid stream. from a semiconductor manufacturing proceed tooU the methad . 

10 comprising thermally decomposing a stream of fluid into one or more reactive 

species^ and injecting the reactive species Into the effluent fluid stream for reacting 
with a component of the effluent fluid stream. f 

In a third aspect, the present invention provides a method of treating an effluent 
15 fluid stream from a semiconductor manufacturing process tool, the method 
comprising Injecting an ionised fluid stream into a reaction chamber^ and 
conveying Into the reaction chamber a firet stream containing the effluent fluid ^and 
a second stream containing a reactive fluidr wherein the Ionised fluid stream 
impfnges upon the reactive fluid to form reactive species far reacting with^ a • 
20 component of the effluent fluid stream. 



Preferred features of the present invention will now be described wfth reference to 
the accompanying drawings, in which: 

25 Figure 1 i$ an fJlustration of an apparatus for treating an effluent waste stream; 

Figure 2 is an illustration of one embodiment of a plasma torch for generating an 
ionised fluid stream for injection into the waste stream; and 

30 Figure 3 is an illustration of another embodiment of a plasma torch for generating 
an ionised fluid stream for injection into the waste stream. 
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With reference to Figure 1 , an example of an apparatus for treating sn effluent 
waste stream oorrtprises a reaction chamber 10 having a first inist 12 for receiving 
tlie waste stream from a pracess tool (not shown), a second iniet 14 for receiving a 
stream of reactive fluid for reacting witli a component of the waste stream, and an 
outlet 1 6 for exhau^ng from the chamber 10 a fluid stream containing by-produ(5is 
from the reaction between the reactive fluid and the component of the waste 
stream. 

^ The reaofion^hambsr JO is furthecprovided with.a:.dc plasm$ torofx 18 fqr . . . 
generating an ionised fluid stream for injection Into the chaml^er tO to convert the 
reactive fluid into reactive species. Figure 2 shows in more detail the 
configuration of one anangement for the plasma torch 1 B. The plasma torch 1 8 
comprises an elongate tubular electron emitter 20 having an end waJI 22. Water 
coolant 24 is conveyed through the bore 26 of the electron emitter 20 during use of 
the torch 18. 

The bore 26 of the electron emitter 20 is aligned with a nozzle 28 formed In a start 
sieolrode 30 surrounding the end wall 22 of the electron emitter 20. The start 
electrode -30 is mountad In an insulating bloclc32 surrounding the electron ernitter ■ ■< 
SO. A bore 34 formed in the block 32 conveys a stream of piasma source gm 36, 
for example, nitnogen or argon, into a cavity 38 located between the end wall 22 of 
the electron emitter 20 and the start electrode 30. 

In operation of ttie plasma torch 1 8, a pilot arc is first generated between the 
electron emitter 20 and the start electrode 30. The arc is generated by a high 
frequency, high voltage signal typically provided by a generator associated with 
the power supply for the tercsh. This signal {nduces a spark discharge-in the ------ 

source gas flowing \n the cavity 38. and this discharge provides a current path. 
The pilot arc thus fomned between the electrode emitter 20 and the start electrode 
3D Ionises the source gas passing through the nozzle 28 to produce a high 
momentum plasma flame of Ionised source gas frorti the tip of the nozzle 28. The 
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f janni$ passes from the nozzle towards an anode 40 surrounding the nozzle 28 to 
define a plasma region 42. 

Anode 40 has a first fluid [niet 44 for receiving the reactive fluid stream entering 
5 the chamber i o via chamber inlet 1 2, and a second fluid inlet 46 for receiving the 
waste $ti^am entering the chamber 1 0 via chamber rniet 1 4. In use, the reactive 
fluid i$ dissociated by the flame to form reactive species within the plasma region 
^ ^ 42r These reaotfve speGles subsequently react with a component of iJie waste -r. 

stream conveyet^ Into theL pljasma region 42. The byrproduQt^iiTQm the ri^j^tion . 
10 are e;<hau^from the plasma region 42 through outlet 43« and subsequently 
exhaust from the chamber via chamber outlet 1 6 to a wet scrubber. 

Figure 3 Illustrates an alternative arrangement for generating the ionised fluid 
stream. In this arrangement, the stream of reactive fluid is conveyed directly to 

15 the plasma torch i a, rather than into the body of the plasma chamber 1 a As 
shown in Figure 3, the reactive fluid stream is conveyed fnto the bore 26 of the 
electron emitter 20. The reactive fluid stream passes from the end of the ©lectron 
emrtter 20 Into the cavity 38, where it is ionised by the plasma flame created fronl' 
< the- source gas 36 to form a stream of reactive species which- areHnJected fromthe 

20 nozzle 28 into the plasrha region 42 to react with the component of the waste 

stream conveysd into the piasma region 42. In this arrangement, water coolant is 
conveyed within a jacket 50 sunroundrng the electron emitter 20. 

Soma examples Of reactions occurring within the plasma region will now be 
25 described. 

Example 1 

The reactive fluid is a source of and OH" ions, for examplej water vapour, and 
30 the waste Stream contains a perfluorooompund, for example, CF4- The plasma 
flame dissDciates the water vapour into and OH" ions- 
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H2O+ hv 2H*+OH" (1 ) 

which react with perfluorocompund to form carbon dioxide and HF as by-products: 

CF4 + 2OH- + 2H*-?-C02 +4HF (2) 



The waste stream containing the by-products is subsequently conveyed to a wet 
sorubberto take the HF into aqueous solution, or to a solid reaiction media for 
reaction with the HF to fonri a solid by-product which can be readily disposed of. 

A typical gas mijcture for performing a dielectric etch in a process tool may contain 
differing proportions of the gases CHFg, CgFe, C4FB or other perflunonased or 
hydrofluorocarbon gas, but the chemical reactions of the H"^ and OH" Ions with 
these components of the waste gas stream will differ in detalJ but the general form 
will be as the echeme above. 

Example 2 

The reactive fluid is agahi a source of H* and OH" ions, for example, water vapour, . . , 
and the waste stream contains NF3. Process tooi manufacturers are increasingly 
adopting NFs as the chamber cleaning gas of choice for PECVD reactors. 
Whereas the uHlisatiOh of NF3 by the cleaning process is much higher than that of 
either CF4 or CaFg, the by-produds produced are considerably more reactive and 
their unconti^iled release is potentially very dangerous. Some sxamples of 
plasma by-products and their reactions are detailed below. 

. .4NFf + .hv N2 + 4F2 + NaF4. 

N2F4 + 2H+ +20H" -^^ N2 + 4HF+ 0& W 



I 
I 



IBzSX 1?002"S3J'0S 



10 



.. _ M04B113/ASB 

Example a 

it is normal practice to introduce materials such as sriJcon, phosphopous, arsenic 
into a process tool 6St both inorganic hydrides or organometallic compounGls. Other 
materlais such as silicon, tantalum, aluminium, copper are introducsd into tlie 
process chamt>ar as organometalltc compound& In other process steps by- 
product of reaction are icnown to make powders that am very iBaoUvs and 
present a ajtistantialdarger if they collect m. quantity, as. they.havs beeEi..lcnomtQ* 
spontaneously reaat causing equipment damage. , 

The introduction of a reactive ion agents cflrectiy into the waste gas has been 
shown to substantially reduce the neactfvity of such compounds, rendering them ; 
safe for subsequent handling. •' 



15 The reactiDns are further enhanced by maintaining the reaction chamber at an 
alevat$dl temperature in the range of 400°C to 1 SOO*C, but preferably In a 
temperature range 500°C to 1 000*C, 

• In summary, a method is described for treating an effluent fluid stream from a 
20 semiconductor manufacturing process tool. In one embodiment, a plasma torch is 
used to thermally dissociate a stream of water vapour into H* and OH" ions. A 
stream containing the Ions Is then injected into the effluent fluid stream to react 
with a perfluorocompound within the fluid stream. In another embodiment, the 
plasma toroh is used to generate an ionised stream from an inert gas. This 
25 ionised stream Is Injected into a reaction chamber which receives both the stream 
of water vapour and the effluent fluid stream. The ionised stream dissociates the 
water vapour into H* and OH" ions for reaction with the perfluorocompound. 



! 
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CLAIMS 

•( ^ A method of treating an effluent fluid stream from a semiconductor 

5 manufacturing process tool, the method comprising injecting an 

ionised fluid stream into a reaction chamber, and conveying the 
effluent fluid stream to the chamber, wherein the ionised fluid stream 
... ^. , _ elther-GQntains-tisacav&^pecles-for reacting with a component of the 

efflyent fluid stream, or Impinges upon.a reactive fluid conveyed .to . . . 

10 the chamber to form the reactive species. 

2. A method aocorcling to Claim 1 , wherein the ionised fluid etream 

contains the reactive species. 

15 g. A method according to Claim 2, wherein the reactive species are 

formed by thermally decomposing the reactive fluid. 

4. A method according to Claim 3, wherein a plasmai Is created to 

• decompos&the reactive fluid. ' • • -.r • 

20 

5. A method accoidlng to Claim 1 , wherein the ionised fluid stream 
impinges upon a reactive fluid CKsnvsyed Into the chamber to form the 
reactive species- 

25 6. A method according to Claim 6, wherein ttie ionised fluid stream is 

formed from a slrsain of source gas. 

7. A method according to Claim 6, wherein the source gas comprises 

an inert ionisable gas, for example* nitrogen and/ior argon. 

30 

A method aooording to Claim e or Clalnri 7, wherein a plasma is 
created to decompose the source gas. 
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9- A method according to Claim 4 or Claim 8^ wherein the plasma is 

generated at or around atmospheric pressure. 

10. A method according to Claim 9, whensin the plasma [s a glow, corona 
5 or arc discharge. 

11. A method according to Claim 1 0, wherein the plasma fe generated 

. . ' using a do piasma torch. . ... .. 

10 12. A method according to any preceding cl^m, wherein the reaotlve 

species oompriseOH" and/or H* iori$. 

13. A method accondlng to any preceding claim, wherein the reactive i 
fluid comprises water or water vapour. 

15 - . ; 

14. A method according to any of Claime i to 12, wherein the reactive • 
fluid comprises an alcohol. 

" 16. ■ - Armethod according to Claim '14, wherein the afcohol comprises. one 
20 of methanol, athanol, propanol, propan-2-ol and butanol. 

16. A method accjordlng to any of Claims 1 to 12, wherein the reactive 

fluid comprte$s one of Ha, NHa, CH4 and a paraffin. 

25 1 7, A method according to any of Claims 1 to 1 1 , wherein the reactive 

species comprise oxygen radioal$. 

15. A method according to Claim 17, wherein the reactive fluid comprises 
one of oxygen and/or ether. 

30 

19. A method according to any precedfng claim, wherein the chamber is 

at a temperature in the range from ambient to 1200*C. 



( 
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15 



25 



20. A method according to Claim ,19» wherein the chamber is at ambient 

temperetture. 

5 21 . A method according to Claim 1 9, wherein the chamber is at a 

temperalure In the range from 400°C to 1 000°C. 



22> -r- .... . Ajpgthod ajscojding.to any.precedinaciaim, wherpin tbe^aiambec i^ . 
atapressunelnlhe.iiange 10^mbarto2000mbar. . 



10 

23. A method according to Claim 22, wherein the chamber is at a 
pressure at or around atmospheric pressure. 

24. A method according to any preceding claim, wherein the ionised fluid 
stream Is Injected Into the chamber over a catalyst. 

26. A method according to Claim 24. wherein the catalyst comprises one 
of tungsten, silicon Iron rhodium and piatinum. 

20 2S. a method according to any preoeding claim, wherein the effluent fluid 

stream is subsequently conveyed from the chamber to a wet 
scrubber. 

27. A method according to any preceding claim, wherein the effluent fluid 



si:ream is subsequently conveyed from the chamber to a reactive 
media. 



28. A method according to any preceding claim , wherein the component 

of the effluent fluid stream comprises a perfluorinated or 
30 hydrofiuorocarbon compound. 
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29. A method accordilng to Claim 23, wherein the component comprises 
one of CF4, CaFer CHF3, CqFb, CaFb. NF3 and SFg. 

30. A method according to any of Claims 1 to 27, wherein the component 
5 of the effluent fluid stream comprises an onganometallic. 

31 . A method according to any of Claims 1 to 27, wherein the component 
r of the effluent fluid stream comprises an Inorganic hydride, . 

10 32. A method of treating an effluent fluid stneam from a semiconductor 

manufacturing procaes tool, the method oomprising thermally 
decomposing a stream of fluid into one or more reactive species, and 
injecting the reactive species into the effluent fluid stream for reacting 
with a component of the effluent fluid stream . 

33. A method of treating an effluent fluid stream from a semiconductor 

manufacturing process tool, the method comprising injecting an ' 
Ionised fluid stream into a reaction chamberj and conveying into the 
reaction chamber a first stream containing the effluent fluid and a 
20 second stream containing a reactive fluid, wherein the ionised flufd 

stream impinges upon the reactive fluid to fomn reactive species for 
reacting with a component of the effluent fluid stream. 
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ABSTRACT 

A method is described for treating an effluent fluid stream from a semiconductor 
manufacturing process tool. In one embodiment, a plasma torch is used to 
5 therrnatly dissociate a stream of water vapour into and OH' Ions. A stream 
containing the fons Is then injected Into the effluent fluid stream to react with a 
perfluorocompound within the fluid stream. In another embodiment, the plasma 
V ^ -^toroh Is used to generate-aruionlsed stream fromjan inart gas., This Jonteed.. . to - 

stream Is Injected Into a reaction chamber, which receives both the 3tream of . 
to water vapour and the effluent fluid stream. The ionteed stream dissociates the 
water vapour Into H* and OhT ions for reaction with the perfluorocompound. 

(Figure 1) 
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